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Abstract

Background Only a small percentage of children with severe and moderate acute malnutrition receive treatment
due to resource limitations, relatively complex treatment protocols, persistent supply chain challenges, and limited
early identification among high-risk populations. Several innovations to the current model of care for uncomplicated
acute malnutrition have been proposed, including modified doses of nutritional supplementation and family-led mid-
upper-arm circumference (MUAC) and edema screening ("Family MUAC") for early identification. The evidence base
for these innovations remains limited.

Methods The Modified Dosages for Acute Malnutrition (MODAM) study includes three integrated individually
randomized clinical trials testing innovations in the identification and treatment of acute malnutrition in Ethiopia.
One trial will enroll 2400 children aged 6-59 months with severe acute malnutrition, testing standard weight-based
dosing of ready-to-use therapeutic food (RUTF) against two experimental RUTF dosing regimens: either two sachets
(1000 kcal) daily of RUTF until discharge, or two sachets until achieving anthropometric criteria for moderate acute
malnutrition (MAM), at which time dosing will be decreased to one sachet (500 kcal) daily until discharge as fully
recovered. A second trial will enroll 2400 children with MAM and test a standard dose of one daily sachet (540 kcal)
of ready-to-use supplemental food against two experimental dosing regimes: one sachet (500 kcal) or two sachets
(1000 kcal) of RUTF daily until discharge. Children who recover from these two trials will be randomized again

into a third trial evaluating post-recovery protocols designed for the early identification of relapse: (1) the control
arm involving one scheduled return visit at 24 weeks post-recovery; (2) the first intervention arm involving three
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monitoring, Relapse

scheduled return visits at 4, 12, and 24 weeks post-recovery; and (3) the second intervention arm which involves
caregivers receiving Family MUAC training and one scheduled visit at 24 weeks post-recovery.

Discussion This study will provide data on the effectiveness of multiple innovations in the management of
childhood acute malnutrition. Results will add to the evidence base on the effectiveness and cost-effectiveness of
such modifications in the identification and management of acute malnutrition, ideally adding to the global database
on this topic and directly contributing to future WHO guidelines.

Trial registration Trials were registered on clinicaltrials.gov as NCT06038071 (registered September 8, 2023),
NCT06056089 (registered September 20, 2023), and NCT06061484 (registered September 24, 2023).

Keywords Wasting, Acute malnutrition, Mid-upper arm circumference, Simplified approaches, Post-recovery

Background

Acute malnutrition (AM), also known as “wasting” with
or without nutritional edema, remains a pressing global
health challenge that continues to profoundly impact the
survival and optimal growth and development of chil-
dren throughout low- and middle-income countries [1].
Despite decades of attention and innovations in the iden-
tification, diagnosis, and management of AM, an esti-
mated 45 million children under five years of age, or 6.8%
of children this age worldwide, at any given point in time
still suffered from this scourge in 2022 [2]. While the ter-
minology suggests an “acute” problem new to the child,
the overwhelming majority of children that suffer from
AM are chronically undernourished with insufficient
dietary quality and quantity, often experiencing repeated
bouts of acute and chronic infections. Indeed, while AM
can develop quite quickly, the adjective “acute” rather
refers to the effectiveness of acute management for these
children that can significantly decrease the high risk of
near-term mortality [1].

AM is defined and diagnosed by basic anthropom-
etry that can be performed in low-resource settings
either at the household or village level using relatively
simple tools. While the condition encompasses a range
of severity, it is divided into two categories associated
with risk of mortality among children aged 6-59 months.
Severe acute malnutrition (SAM) is defined as having a
weight-for-length Z-score (WLZ) more than 3 standard
deviations below the WHO Growth Standards [3] refer-
ence median, and/or a mid-upper arm circumference
(MUACQ) less than 115 mm, and/or nutritional bilateral
pitting edema (without an alternative etiology for the
edema such as cardiac, renal, or hepatic dysfunction) [4].
Moderate acute malnutrition (MAM) is defined as hav-
ing a WLZ between 2 and 3 standard deviations below
the WHO Growth Standards reference median, and/or
a MUAC of 115-124 mm, without edema. AM may be
further classified as “complicated’, warranting hospital
admission in a small minority of cases, or “uncompli-
cated” which can be treated in an outpatient setting using

a package of care known as the community-based man-
agement of acute malnutrition (CMAM).

CMAM demonstrates tremendous success in decreas-
ing mortality in children with AM. The effectiveness of
CMAM, along with several important updates, was reaf-
firmed by the World Health Organization (WHO) in
2023 after a multiyear process rigorously re-evaluating
the evidence base for numerous aspects of CMAM [5].
Despite these successes and increased attention given
to AM over the last 20 years by the international com-
munity, there persists a large gap between the number of
children suffering from AM and the number who receive
treatment [6]. The reasons for this coverage gap are mul-
tifactorial and include insufficient financial and human
resources and challenges with identification and diagno-
sis of malnourished children.

These coverage gaps have led to an important move-
ment in reconsidering aspects of the CMAM approach
that may increase cost-efficiency, improve early identi-
fication, reduce risk of relapse, and potentially provide
treatment to more children. A number of these adapta-
tions, often referred to as “simplified approaches’, have
been piloted and implemented during supply shortages,
clinical trials, and as adaptations during the COVID-19
pandemic [7-11].

Clinical trials testing the effectiveness of these
approaches compared to standard approaches have gen-
erally shown favorable outcomes, although not univer-
sally so in all settings and for all important outcomes, and
have used inconsistent methodologies that arguably limit
their widespread applicability. There may also be local
contextual factors that might impact the effectiveness
of these novel approaches in all settings. The integra-
tion of multiple approaches together in the same CMAM
program have also not been studied at scale. There thus
remains a pressing need for additional rigorous clini-
cal trials testing the effectiveness and cost-effectiveness
of innovations in the identification and management
of acutely malnourished children, especially in new
locations.
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In 2022, the Federal Ministry of Health in Ethio-
pia made a request for local evidence on simplified
approaches to inform revisions to the Ethiopia national
AM guidelines, including alignment with the global-level
WHO wasting guidelines revised in 2023 [5], highlighting
the need for additional evidence on efficient dosing and
innovations in the management of AM, particularly in
emergency settings due to increasing conflicts and envi-
ronmental shocks. Recent surveys in Ethiopia have dem-
onstrated a critically high level of AM in rural areas of
the country [12], along with more than 1/3 of recovered
children relapsing to AM after initial recovery [13-15].

A consortium of Ethiopian and international partners
is thus implementing the Modified Dosages for Acute
Malnutrition (MODAM) study, described here. After a
review of the literature and formative research involving
input from an external technical advisory group in addi-
tion to numerous national and international stakehold-
ers, a series of three integrated randomized controlled
clinical trials have been designed. These will test:

1. modified doses of ready-to-use therapeutic foods for
children with SAM;

2. modified doses of ready-to-use supplemental and
therapeutic foods for children with MAM; and.

3. innovative approaches to monitor children after
recovery from AM in an effort to improve post-discharge
outcomes such as early diagnosis of relapse [16, 17].

These trials are designed to provide essential infor-
mation to inform policies and program designs by key
decision-makers among national ministries of health,
international stakeholders (e.g. UNICEF, WHO), imple-
menting organizations, and academics about the utility of
several novel interventions in the identification and man-
agement of childhood AM in high-burden contexts.

Methods
Study setting
All three trials will be performed with an integrated
approach, using a team of trained field researchers sup-
ported by Action Against Hunger USA who will work
to support CMAM programs operating at health posts
and health centers operated by the Federal Ministry of
Health. Health posts are the lowest level of health care in
Ethiopia, closest to their communities but also the least
resourced. Meanwhile, health centers are one level higher
in the hierarchy, providing both primary care as well as
referral care for patients sent from health posts. Study
subjects will be drawn from communities with relatively
high endemic rates of food insecurity and malnutrition
but have also suffered recent shocks including those from
climate change and conflict.

Quarterly community mobilization activities at the
local village level will help to disseminate information to
the populations who live in the catchment areas of the

Page 3 of 12

research sites to help identify children with possible AM.
Enrollment and follow-up activities will take place weekly
at the health posts and health centers. Each health post
and health center will be supplied with food products
(RUTF and RUSF), measuring instruments, amoxicillin,
and albendazole throughout the course of the study to
ensure that stockouts and insufficient supplies are not a
factor in trial outcomes.

Study population

Children who reside in the catchment areas of the indi-
vidual health posts and health centers will be eligible for
enrollment if they are 6-59 months of age at the time
of screening, are diagnosed with uncomplicated AM
(including passing an appetite test if diagnosed with
SAM), have no plans to leave the area over the next year,
and have caregiver consent for enrollment.

Children will be excluded from the study if they have
been treated for AM, either as inpatients or outpatients,
within the past 3 months. This also means that chil-
dren who are transferred from inpatient care to outpa-
tient care to continue their therapy at the health post
level will be excluded from the research studies but will
be assisted in continuing to receive routine outpatient
CMAM care per the national treatment protocols. Chil-
dren with known chronic illnesses such as severe cerebral
palsy, congenital anomalies such as unrepaired congeni-
tal heart disease, Down syndrome, hydrocephalus, unre-
paired cleft lip or palate, or other conditions that might
be expected to contribute to challenges with feeding the
allocated interventions will also be excluded. Ineligible
children who are identified to have uncomplicated AM
will still receive care at the health posts without prejudice
using the standard national protocols.

Anthropometry

Study subjects will be evaluated and enrolled through a
series of steps outlined below to ensure consistency and
equity for all children encountered. Children’s AM sta-
tus will be assessed using standard field anthropometric
techniques [18]. At screening, enrollment, each treat-
ment follow-up visit, and each post-recovery follow-up
visit, all of the following will be evaluated:

« recumbent length using a rigid board, to the nearest
1 mm;

« weight using a digital scale, to the nearest 100 g;

+ MUAC using a flexible tape, to the nearest 1 mm; and.

« bilateral pitting edema.

Length and weight will then be evaluated using gender-
specific look-up tables to determine their WLZ based
on WHO Growth Standards [3]. Children will be classi-
fied as having SAM if their WLZ is more than 3 standard
deviations below the median, if their MUAC is less than
115 mm, or if they demonstrate bilateral pitting edema.
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Children will be classified as having MAM if their WLZ
is between 3 and 2 standard deviations below the median
or if their MUAC is 2115 and < 125 mm, without meeting
other criteria for SAM.

Clinical assessment

Children will also be assessed for complications that may
warrant referral to a higher level of care. These include,
but are not limited to, moderate-to-severe dehydration,
altered mental status, lethargy or listlessness, hypother-
mia, respiratory distress, poor peripheral perfusion,
repeated vomiting, and inability to feed their assigned
study food under observation at the research site. Chil-
dren with any evidence of such complications will be
excluded from the study and instead be referred for care
at a health center or hospital.

Test feeding

After diagnosis of uncomplicated SAM, children will
undergo a test feeding with ready-to-use therapeutic
food (RUTF) under direct supervision by a member of
the research team and the post’s health extension worker
(HEW). Children will be expected to complete approxi-
mately 30 g of RUTF while at the health post to be con-
sidered to have successfully passed the feeding test as a
final evaluation of their suitability for outpatient manage-
ment of AM [19].

CMAM counseling

Standard CMAM counseling will be provided to care-
givers about the proper consumption of their nutritional
supplementation, including the need to consume the
daily allotment at multiple small feedings through the
course of the day prior to feeding home foods, the need
to continue breastfeeding (if still breastfeeding), the
need for availability of clean water while feeding, sanita-
tion and hygiene reminders, the importance of not shar-
ing the supplements with siblings or others, and signs of
clinical worsening that would warrant an urgent return to
the health post or health center.

To improve adherence to the assigned intervention
group and decrease the risk of crossover, additional
counseling will be provided to caregivers regarding the
importance of respecting the randomization process and
the feasible safety of all intervention groups. Scripting in
the field will emphasize the nature of the interventions as
medicine (rather than food) customized for each individ-
ual child’s specific illness, based on their severity of acute
malnutrition and randomization group. At each follow-
up visit, the total number of sachets consumed will be
asked of the caregivers and empty sachets will be col-
lected from the caregiver. Informal discussions with local
village health care workers, community leaders, and indi-
vidual caregivers have all suggested that the caregivers in
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the study areas will understand, and be accepting of, ran-
domization that may lead to varying amounts of inter-
vention foods to each child.

Ethics and consent

The study received ethical approval from the Ethio-
pia Public Health Institute and the University of Wash-
ington. After initial screening, anthropometry, clinical
assessment, test feeding, and CMAM counseling, care-
givers of children who are deemed eligible for entry into
the MODAM study, either with SAM or MAM, will be
provided with written and verbal information about the
entire study, including the enrollment process, random-
ization, treatment protocols, follow-up visits, and the
post-recovery study. An opportunity will be given to ask
any questions that arise. Consent will be sought verbally
and recorded with either a written signature or thumb-
print, depending on caregiver literacy. Eligible children
who do not consent to the study will continue to receive
care without prejudice using the standard national
protocols.

Randomization and masking

For those children who are ultimately eligible and consent
to the study, randomization will then take place using
separate randomization blocks for children enrolled in
the 2 AM treatment trials (SAM and MAM). In each of
the two treatment trials, there are three study arms to
which children will be individually randomized.

Randomization will occur in blocks of 18 (6 sets of allo-
cations to each of the 3 arms) using small opaque enve-
lopes placed into a larger letter-sized opaque envelope.
Each small opaque envelope will contain a code corre-
sponding to one of the intervention arms. The consenting
caregiver for the child will be asked to reach into the large
envelope and randomly select one small envelope, which
will then be opened in front of the caregiver in private to
reveal the coded intervention group allocated. This coded
information will also be recorded on the child’s paper
data cards in the field and eventually entered into the
study electronic database.

Given the nature of the interventions, it will not be
possible to mask the allocated intervention to enrolled
children’s caregivers; however, anthropometric assess-
ments, outcome assessments, and all statistical analyses
will remain masked to the allocated intervention arms
until all analyses are complete.

Enrollment questionnaire

In addition to randomization, an enrollment ques-
tionnaire will be completed for all children, which will
include questions for the caregiver on a range of top-
ics that may be related to trial outcomes. These will
include topics such as the child’s past medical history,
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Individually Randomized
SAM Treatment Trial
Standard of Care
weight-based dosage

Experimental Group A
2 sachets RUTF/day

Experimental Group B
2 sachets RUTF/day while SAM

1 sachet RUTF/day while MAM

Individually Randomized
MAM Treatment Trial

Standard of Care

1 sachet RUSF/day

6-59 months old
Screening for AM
Edema, MUAC,
WLLZ

Experimental Group A
1 sachet RUTF/day

Experimental Group B
2 sachets RUTF/day
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Individually Randomized
Post-Recovery Follow-Up Trial

Follow-Up S of Care
24 week follow-up
Nutrition, IYCF, WASH teaching

Recovered
No edema Scheduled Follow-Up Group
MUAC = 125 mm 4,12, 24 week follow-up
Nutrition, IYCF, WASH teachin,
WLZ 2 -2 £
Upto
16 =
weeks

Fig. 1 Patient flow through 3 individually randomized clinical trials encompassed by the MODAM study

Table 1 Weight-based dosing of 500-kcal RUTF sachets for
children in the standard of care group

Weight (kg) Sachets per day Sachets per week
3.5-3.9 % 11
4.0-5.4 2 14
5.5-6.9 2 18
7.0-8.4 3 21
8.5-9.4 3% 25
9.5-10.4 4 28
10.5-11.9 4%, 32
212 5 35

brief information about the child’s breastfeeding status,
prior history of AM, demographic information about the
household, household food security, and an economic
evaluation that asks about household goods and livestock
ownership.

Severe acute malnutrition intervention- trial 1

Upon enrollment, children with SAM will be randomly
allocated to one of three groups (Fig. 1), whereby they
will receive varying doses of 500 kcal sachets of RUTF
provided in 7-day rations on a weekly basis until dis-
charge. All aspects of treatment are identical across the
arms apart from the dosing of RUTE, which differs as
follows:

+ SAM standard of care (control) group: Children in
this group will be dosed with approximately 150—200 kcal
of RUTF per kg of the child’s weight per day (Table 1),
reflecting the current national standard of care in Ethi-
opia [20]. In this dosing regimen, as the child’s weight

increases over the course of treatment, so too does the
amount of RUTF that is provided each week.

+ SAM experimental group A: Children in this group
will be dosed with two sachets of RUTF to consume daily
until discharge. This reflects the draft simplified emer-
gency protocol in Ethiopia and a common choice for
novel protocols in many settings. In addition to the pos-
sibility of improved cost-effectiveness with this experi-
mental dosing, the simplicity of a consistent dose each
day could make it easier for health workers to implement,
improve understanding among caregivers for how to
ration a week’s worth of RUTF accurately, and improve
the predictability of demand forecasting.

+ SAM experimental group B: Children in this group
will be dosed with two sachets of RUTF to consume
daily while amy of their anthropometric parameters
are in the SAM range (i.e, WLZ<-3, MUAC<115, or
edema). Children will then transition to one sachet of
RUTF to consume daily when all of their anthropomet-
ric parameters are in the MAM range or better (i.e., WLZ
> -3, MUAC=>115, and no edema). Similar dosing regi-
mens have been previously trialed and piloted in other
locations [21], with the same potential advantages of
experimental group A. This dosing regimen also has the
theoretical advantage of providing a higher dose of mac-
ronutrients and micronutrients while the child is most
malnourished and subsequently decreasing the treatment
dosage as the child improves— the opposite approach to
the control arm. This dosing regimen is hypothesized to
be even more cost effective than the experimental group
A regimen, but runs the risk of lower recovery rates and
higher rates of relapse that should be tested.
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Table 2 Follow-up visit outcomes for AM intervention trials

Page 6 of 12

SAM Trial MAM Trial Definition

Interim Status
Continued SAM -
Improved to MAM -
- Continued MAM
Final Outcome =Recovered
Recovered Recovered
Final Outcome =Not Recovered
- Deteriorated to SAM
Died Died
Hospitalization Hospitalization
Lost to follow-up Lost to follow-up
Remained with AM Remained with AM

Anthropometry demonstrates ongoing SAM
Anthropometry demonstrates improvement to MAM
Anthropometry demonstrates ongoing MAM

Anthropometry has reached recovery criteria for 2 consecutive visits within 16 weeks of enrollment

Anthropometry worsened from MAM to SAM since previous visit
Death since previous visit

Child hospitalized for medical or nutritional deterioration

Child unable to be located for three consecutive visits

Child has not achieved recovery criteria after 16 weeks of therapy

Moderate acute malnutrition intervention- trial 2

Upon enrollment, children with MAM will be randomly
allocated to one of three groups (Fig. 1), with either
RUTF or ready-to-use supplementary food (RUSF)
(depending on the arm) provided in a 14-day supply on a
fortnightly basis until discharge. All aspects of treatment
will remain identical across arms apart from the dosing
and type of ready-to-use food provided, which will differ
as follows:

+« MAM standard of care (control) group. Children in
this group will be dosed with one sachet of RUSE, provid-
ing 530-540 kcal, to consume daily until discharge. This
reflects the current national standard of care in Ethiopia
[20].

« MAM experimental group A. Children in this group
will receive one sachet of RUTF to consume daily until
discharge. This reflects the draft simplified emergency
protocol for MAM treatment in Ethiopia. Testing this
dosing regimen in a rigorous trial will provide local evi-
dence about the safety, efficacy, and cost efficiency of this
regimen for food insecure contexts within Ethiopia (and
possibly outside the country as well). This regimen would
be expected to have a similar efficacy as the standard of
care and simplify tasks for health workers and supply
chains. A review of costing data across a range of suppli-
ers suggests that the cost of RUTF is 5-20% higher than
RUSF (depending on the manufacturer [22, 23]) and thus
the marginal cost for treatment, once comprehensive
costs of a MAM treatment program are included, may be
relatively small. The 2023 WHO guidelines also acknowl-
edge the likely equivalence between RUTF and RUSF in
the effectiveness for achieving initial nutritional recovery
in the treatment of MAM [5]. This would be one of the
first trials to test this hypothesis prospectively.

+« MAM experimental group B. Children in this group
will receive two sachets of RUTF to consume daily until
discharge. This reflects the draft simplified emergency
protocol for SAM treatment in Ethiopia. Using this same
regimen for MAM in addition to SAM would be a vast

simplification for frontline health workers and for the
health system in terms of demand planning and pur-
chasing at scale. The cost per day of food would certainly
be higher in this regimen, but a faster time to recovery
may negate the higher daily cost. The benefits in terms
of relapse rates and growth may also be greater with this
regimen.

Intervention trials 1 and 2 follow-up visits during
treatment

Children will be reassessed at health posts and health
centers during follow-up visits every 7 days (SAM trial)
or every 14 days (MAM trial) for up to 16 weeks after
the time of enrollment, the maximum length of stay pre-
scribed in the Ethiopian national guidelines. At each fol-
low-up visit, a full set of anthropometric measurements
will be reassessed, recent infectious symptoms (vomiting,
diarrhea, fever, cough) will be queried of the caregiver,
and appropriate appetite verified.

Children who appear to be progressing towards recov-
ery will receive additional allotments of their assigned
intervention. Children who are not progressing well (e.g.,
poor weight gain, feeding or health concerns expressed
by their caregivers, poor clinical appearance including
medical complications, etc.) will be either re-engaged in
nutritional and health counseling, including the impor-
tance of full adherence to the allocated intervention, or
referred to a higher level of care. Clinical assessments for
complications will be completed similar to enrollment.

Intervention trials 1 and 2 treatment outcomes

At each follow-up visit, children in the AM trials will
receive one of the classifications listed in Table 2. Chil-
dren will be assigned a final discharge outcome of recov-
ery, defined as having a WLZ at two standard deviations
below the median or better and MUAC at 125 mm or
better and no edema, all for two consecutive visits. Chil-
dren will be considered to have not recovered with any of
the following discharge outcomes: deterioration to SAM
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(for children in the MAM trial), death, hospitalization,
lost to follow-up, and remaining with AM after 16 weeks
of treatment.

Intervention trials 1 and 2 sample size

The powered objective for the AM intervention tri-
als will be the rates of anthropometric recovery by 16
weeks (Table 2), comparing each intervention group
individually against the standard of care (control) group,
based on the hypothesis that the novel interventions are
non-inferior.

A 2020 systematic review of treatment outcomes
among children treated for SAM as outpatients with the
standard dosing of RUTF showed an average recovery
rate of 70% [24]. In Ethiopia specifically, a recent study
in Gondar found approximately 75% of children with
SAM treated as outpatients recovered [25]. Another
recent study in Oromia found that children enrolled by
MUAC alone had a recovery rate of approximately 85%
[26]. Less complete outcome data exists for children with
MAM, but an operational study from southern Ethio-
pia demonstrated a 73% recovery rate for children with
MAM treated with RUSF [27]. Based on these accumu-
lated data, we have powered the study based on an antici-
pated recovery rate of 75% for both the SAM and MAM
studies.

The non-inferiority margin that is considered clini-
cally acceptable is a relatively subjective judgment that
needs to incorporate local sociocultural preferences and
economic considerations. Trial cost and duration limita-
tions must also be considered. To help inform this deci-
sion, we conducted interviews with health care workers
and community leaders within Ethiopia, as well as discus-
sions with our technical advisory groups. There was con-
sensus that a non-inferiority margin of 5-10% would be
considered clinically useful, although there was a notable
preference for as small of a margin as would be feasible
to provide the most robust data, especially compared
to prior trials of modified dosing regimens which have
used comparatively larger non-inferiority margins. Given
resource constraints, we will thus aim for a non-inferior-
ity margin of 6% for each trial, but may have to compro-
mise to up to 10% if enrollment challenges arise.

The o parameter (Type I error) will be set at 0.05, indi-
cating a 5% risk of identifying a difference between an
experimental group and the control group where none
really exists. The P value (Type II error) will be set at 0.20,
thereby giving a power of 80% to identify a difference
between an experimental group and the control arm. Due
to possible incorrect enrollments, incomplete or inac-
curate data collection, and/or drop-outs, we will aim to
enroll an additional 10% in each study arm beyond the
sample size target calculation.
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Based on these parameters, we determined that the
minimum sample size needed for a non-inferiority mar-
gin of 6% is 798 children per study arm; the minimum
needed for a non-inferiority margin of 8% is 462 children
per study arm; for 10%, the minimum needed for 10%
would be 305 [28]. Multiplying the largest of these by
three study arms per trial gives a targeted sample size for
enrollment of 2400 children in each trial. This warrants
an enrollment of an average of 140 children per month
in each trial. If enrollment is slower than anticipated,
requiring an adaptation to the enrollment goal, then 1400
children in each trial will be sought to achieve a non-infe-
riority margin of 8% in a three-armed trial, or 915 for a
10% non-inferiority margin.

Post-recovery- trial 3

Children from all 3 arms in each of the 2 AM interven-
tion trials who achieve anthropometric recovery within
16 weeks of enrollment will then be offered enrollment
into the third of the three integrated trials encompassed
by the MODAM study (Fig. 1). This post-recovery trial
aims to offer insights into numerous outstanding ques-
tions in the AM field, given that high rates of post-
recovery relapse and mortality place heavy burdens on
operational SAM and MAM treatment programs [16,
29]. High post-SAM relapse is a notable problem in
Ethiopia, where such cases make up a high proportion of
CMAM enrollments [30-32].

Among issues to be explored include the sustainability
of anthropometric recovery following the various novel
interventions being tested for SAM and MAM treatment,
in addition to an investigation of other post-discharge
health outcomes such as the overall growth trajectory
over the subsequent six months. A major concern in
the domain of modified dosages has been the possibility
of decreased linear growth velocities among those chil-
dren treated with proposed modified dosages which has
been observed in some trials [21, 33], but not others [34].
These medium-to-long term outcomes are an impor-
tant indicator to be considered in the overall quality of
CMAM programs [35], especially those using novel dos-
ing strategies [36].

Also to be investigated are whether certain post-
recovery monitoring strategies are more effective in
the medium-term (6 months) to improve early identi-
fication of relapse. The theoretical underpinning for the
importance of early identification is that when children
are less wasted, they are more likely to have better out-
comes when readmitted for AM care, including higher
likelihood of recovery, less time and resources needed
for recovery, and less long-term growth faltering and
morbidity. In addition to more frequent follow-up visits
to monitor for relapse, some evidence has suggested that
children’s caregivers are themselves able to successfully
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screen for low MUAC and edema at home, potentially
providing earlier identification and diagnosis [37-40].
This is presumed to have the benefit of earlier entry into
care, higher likelihood of rapid recovery, and less long-
term consequences of AM.

For this third trial, children who recover will thus be
enrolled in the post-recovery follow-up trial on the day
of recovery from any arm of either of the intervention
trials. They will be randomized using similar methods as
described above into one of three different study arms
and followed for 24 weeks:

«» Standard of care (control) group. Children in this
group will receive standard nutrition, infant and young
child feeding (IYCF), and water, sanitation, and hygiene
(WASH) education [20]. Caregivers will be educated
to return to the health post or seek care from a HEW if
they have a health or nutritional concern regarding their
child. A single follow-up visit at 24 weeks after initial AM
recovery (i.e., enrollment into the post-recovery trial) will
be scheduled to assess anthropometry and nutritional
status.

« Experimental group A: Active Follow-up. In addition
to the interventions received by the control group, care-
givers will be requested to revisit the health post/cen-
ter for scheduled follow-up visits at 4,12, and 24 weeks
after recovery. If a caregiver fails to attend the scheduled
health post/center visit, then a HEW or study staff mem-
ber travel to the child’s home to remind them to com-
plete the scheduled follow-up visit the following week
or directly collect the data at the home as a last resort.
This group is considered to have the most “active” follow-
up procedures implemented by healthcare workers and
volunteers.

+ Experimental group B: Family MUAC Follow-up.
In addition to the interventions received by the control
group, caregivers will receive training on how to imple-
ment home-based MUAC and edema screening, includ-
ing provision of MUAC tapes [41]. Caregivers will be
educated how and when to assess their child's MUAC
and edema, and to return for care if their child’s MUAC
falls into the AM category, their child has bilateral pit-
ting edema, or at any time they are concerned about their
child’s overall health. These children will also be sched-
uled for a single follow-up visit at 24 weeks after initial
AM recovery.

Whenever a child in the post-recovery trial, regard-
less of study arm, is brought back to the health post,
anthropometry will be assessed by study staff to deter-
mine whether or not the child relapsed to AM as well as
to record overall growth trajectory. An additional health
and demographics questionnaire will be completed.
Those identified with AM will then receive treatment
per the standard national protocol and continued to be
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followed for a total of 24 weeks from the time of initial
recovery as some may relapse multiple times.

Post-recovery outcomes of interest

To help inform the assessment of the various novel treat-
ment protocols, a number of parameters will be investi-
gated over the 24-week post-recovery follow-up period,
including, but not limited to:

« Vital and nutritional status, including rates of relapse
to SAM and MAM, hospitalization, loss to follow-up,
and mortality.

+ Weight gain, as measured in g, g/kg/d, WAZ, and
WLZ.

+ MUAC gain, as measured in mm, mm/d, and MUAC-
for-age Z-score (MUACZ).

+ Length gain, as measured in cm, mm/d, and length-
for-age z-score (LAZ).

« Rate, severity, and frequency of relapse and mortality.

The relative effectiveness of the three different post-
recovery strategies will be investigated by assessing a
number of parameters, including, but not limited to, the
following:

« Frequency of return visits to the health post.

« History of hospitalizations.

« Frequency of identification of relapse to AM.

o Number of person-months with AM after initial
recovery.

+ Anthropometry at the time of relapse.

+ Anthropometry at 24-week post-recovery.

Statistical analyses

Standard statistical approaches will be used in each of the
three trials to analyze each intervention arm indepen-
dently in comparison to the control arm. Dichotomous
variables will be compared using Chi-square testing.
Continuous variables will be analyzed using the Student
t-test. Rates of recovery and relapse will be evaluated
using Kaplan-Meier survival analyses. Regression analy-
ses will be used as appropriate to control for confound-
ing variables. In general, P values less than 0.05 will be
considered statistically significant, although this will be
reduced in the case of multiple comparisons. 95% confi-
dence intervals will be calculated in addition to P values
in order to provide additional detail about error margins
in the various calculations. Intention-to-treat analyses
will be used throughout, as this will provide the most
pragmatic and applicable evidence to inform the real-
world scale-up of these interventions.

Data and safety monitoring

A data and safety monitoring board (DSMB) has been
established for the two AM intervention trials, given
that many children enrolled in the novel intervention
arms may receive less specially-formulated foods in
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their treatment than in the standard of care models. The
DSMB will periodically review and evaluate the accumu-
lated study data for participant safety, study conduct, and
progress. Significant adverse events will be reported to
the DSMB on an ongoing basis as they occur.

Masked outcome data will be provided to the DSMB
after approximately every 600 subjects in each treatment
trial have completed their treatment and been classified
as either recovered or not. Given the goal of enrolling
2400 children in each trial, this equates to three interim
analyses (at 600, 1200, and 1800 outcomes per trial).
The O’Brien-Fleming boundary [42] will be used by the
DSMB to recommend stopping early any experimental
arm in case that arm’s recovery rate or mortality rate is
significantly worse than the control arm.

DSMB recommendations to stop an experimental arm
will be taken up by the MODAM study principal investi-
gators and external technical advisory group for consid-
eration as soon as possible after the recommendation is
made. Any children currently enrolled in the trial if and
when a decision is made to close an experimental arm
will be transferred to standard of care (control arm) and
will have their data censored as a non-study enrollment.

Cost effectiveness analysis

A sub-study evaluating cost effectiveness from an institu-
tional perspective will be conducted to help inform total
program costs, as well as the proportion of program costs
linked to initial treatment vs. treatment of relapse for
both the MAM and SAM trials. Cost per child treated,
cost per child cured, costs per child who sustains recov-
ery, and costs per child who fails to sustain recovery will
be calculated for each study arm.

An activity and ingredients-based approach will be
used to estimate total program costs. Cost data will be
collected from accountancy records and through key
informant interviews. Time allocation interviews will
be conducted to determine personnel costs, apportion
shared costs to project activities, and to exclude research
costs. Program cost data will be adjusted for inflation
and capital cost depreciation and assigned to the MAM
and SAM studies. To differentiate between initial and
relapse treatment costs, a per-visit cost will be calcu-
lated. This cost will then be multiplied by the length of
stay to determine the average cost per child for initial
and relapse treatment episodes. These costs, in turn, will
then be multiplied by the number of children treated and
relapsed, to estimate the total cost of initial vs. relapse
treatment, respectively. Sensitivity analyses will be con-
ducted where necessary to determine how uncertainty in
costs and outcomes might affect cost-efficiency and cost-
effectiveness estimates.
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Discussion

The MODAM study encompasses three distinct, yet
integrated, randomized controlled clinical trials evaluat-
ing the effectiveness of a number of novel interventions
that have the potential to improve CMAM programs for
the management of children with AM. The results will
add to the context-specific body of knowledge available
to guide policymakers in Ethiopia and other countries as
they plan how to most efficiently implement and expand
their national programs to address AM. Specifically, we
anticipate providing new insights into the effectiveness
of modified dosages of specially-formulated foods for
both SAM and MAM, which are especially important
considering the widespread adoption of some novel dos-
ing schedules in many settings without a strong body of
evidence.

In addition to the modified dosing strategies proposed,
the MODAM trial has at least three significant design
strengths that have not often been used in previous
modified dosage studies. We believe these strengths may
generate robust, compelling evidence that would provide
new perspectives for policymakers before implement-
ing modified dosage protocols. First is that we will pro-
spectively provide different treatments and disaggregate
results for children with SAM from MAM, as children
with SAM have been seen to have less successful out-
comes compared to those with MAM with these modi-
fied approaches [43]. While treating all children with AM
in a unified program with a unified dosing regimen is cer-
tainly appealing, this runs the risk of being an oversimpli-
fication due to the higher vulnerability of children with
SAM. Second is that the individual participant random-
ization design, which we anticipate will provide a more
robust level of evidence compared to cluster randomiza-
tion used in prior studies in Ethiopia [44, 45]. In addition
to baseline differences among the communities found in
different clusters, cluster randomized trials are vulner-
able to incorrect analytical methods, insufficient sample
size, and improper analysis using the individual rather
than the cluster as the unit of analysis [46, 47]. Third is
that we will aim for a significantly smaller non-inferiority
margin, with an associated larger sample size than most
prior modified dosage studies, which we hope will pro-
vide more subtle information to stakeholders regarding
both primary and secondary outcomes.

Only a small body of evidence exists regarding the
experimental dosing regimens being tested for SAM
treatment. There remains equipoise in terms of the
interventions’ effectiveness, given the lower quantity of
RUTF that most children will receive and some experi-
ence showing higher rates of stunting following dis-
charge; however, the potential for significant cost savings,
increased coverage, and simplification for frontline health
workers may make these modified dosing schedules a
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worthwhile pursuit nonetheless. We hope that the devel-
opment of cost-efficiency models incorporating the data
generated by these trials will help provide policymakers
with the information they need to make fully informed
decisions as they balance these conflicting imperatives.

The experimental dosing regimens we will investigate
for children with MAM have not been previously stud-
ied as far as we are aware, and include one experimen-
tal arm putting to the test a new WHO recommendation
that RUTF may be used instead of RUSF for MAM [5].
While it would seem rather obvious that RUTF would
be just as effective as RUSF, given that RUTF has an
even better mix of complete protein than RUSE, its lower
micronutrient content and less energy per sachet makes
its presumed effectiveness less than guaranteed. The
third experimental arm for MAM takes quite a different
approach from the previously tested regimens of reduced
dosage, instead opting for an increased dosage using 2
sachets (1000 kcal) of RUTF daily. The hypothesis here is
that, by significantly increasing the amount of treatment
food consumed on a daily basis, the length of stay might
be significantly shortened, thereby saving financial costs
overall and also decreasing the morbidity burden these
children suffer while acutely malnourished if they are
able to recover quickly.

We also aim to provide evidence regarding the effec-
tiveness of the Family MUAC approach for a targeted
high-risk population (children who have recently recov-
ered from AM) known to have a significantly elevated
risk of development of AM [16, 29]. Given the limited
resources available for Family MUAC and the incon-
sistency of its success in the early identification of chil-
dren with AM, this targeted approach is an opportunity
to focus health worker resources on those for whom the
benefit may be highest. The experience these caregivers
have with previous successful rehabilitation from AM for
their children may also increase their motivation to fol-
low through with the home-based AM screening and to
bring their children back to health posts/centers more
rapidly, as they have seen the life-saving effects of the AM
treatment. As far as we are aware, this is the first pro-
spective study of the Family MUAC focused on this post-
AM population and may provide a novel path forward for
an operationally practical and cost-effective implementa-
tion of Family MUAC programs.

CMAM programs in high-burden settings all over the
world struggle from similar challenges related to insuf-
ficient coverage for both diagnosis and treatment of
AM, unfortunately largely a function of limited financial
resources. The MODAM study is designed to provide
insights into how to overcome some of these issues in an
operational setting by rigorously testing approaches that
can help extend available supplies of therapeutic and sup-
plementary foods to treat more children, simplify supply
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chains, and more readily identify children at high risk for
AM at an earlier stage of illness.

An important, and potentially challenging, aspect of
the MODAM study is that this will be one of the first
CMAM studies to incorporate the new 2023 WHO
guideline on AM recovery criteria, requiring all three
criteria of edema, MUAC, and WLZ to meet recovery
thresholds [5]. This new recommendation comes from an
appropriate logic, in that this ensures that children who
are deemed recovered are not immediately readmitted
using a different anthropometric criterion, but does carry
the risk of prolonged length of stay and a higher number
of children who would be deemed “failures” to recover.
Our experience here will thus help to provide some of the
first evidence on the effect this new WHO recommenda-
tion has in practice.

We have aimed to enroll rather large sample sizes
(800 children in each study arm) in order to provide a
relatively small non-inferiority margin (6%) for the AM
treatment trials. This is ambitious, given the challeng-
ing situation in Ethiopia recently in terms of conflict in
many areas and the relatively low rates of AM in areas
not already being served by other CMAM program eval-
uations. There is thus the distinct possibility we will not
be able to enroll the full sample size desired before trial
funding runs out and we may need to accept a smaller
sample size or eliminate one experimental arm in a given
trial in order to achieve the same non-inferiority margin.
It is also possible that recent violent conflicts will spill
over into study areas causing potential pauses in research
operations. Nevertheless, we aim to anticipate these
potential challenges through the study team’s close col-
laborations with the Federal Ministry of Health and UNI-
CEF, to proactively monitor contextual factors and plan
accordingly.

At the conclusion of each trial in the MODAM study,
results will be disseminated as soon as possible to the
Federal Ministry of Health in Ethiopia and surrounding
regions through consultative workshops and other plat-
forms, in addition to peer-reviewed publications. We
will make every effort to help ministries of health with
interpretation and appropriate contextualization and
implementation of any significant findings into national
protocols that will support maximal coverage of optimal
care for acutely malnourished children. After publication,
raw de-identified data will be made publicly available and
efforts will be made to collaborate with other researchers
on additional analyses not yet anticipated.

Abbreviations
AM Acute malnutrition

CMAM Community-based management of acute malnutrition
COVID-19  Coronavirus disease 2019

DSMB Data and safety monitoring board

HEW Health extension worker

IYCF Infant and young child feeding
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LAZ Length-for-age Z-score

MAM Moderate acute malnutrition

MODAM Modified Dosages for Acute Malnutrition study
MUAC Mid-upper arm circumference

MUACZ Mid-upper arm circumference-for-age Z-score
RUSF Ready-to-use supplementary food

RUTF Ready-to-use therapeutic food

SAM Severe acute malnutrition

WASH Water, sanitation, and hygiene

WHO World Health Organization

WLZ Weight-for-length Z-score
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